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METHOD AND APPARATUS FOR MIXING A SECOND MEDIUM WITH A 
FIRST MEDIUM 

The present invention relates to a method and apparatus 
for mixing a second medium with a first medium. The 
method and apparatus of the invention are especially 
suitable for mixing different chemicals, both fluid and 
gaseous ones, or steam with a so-called first medium, 
which is composed of both solid and fluid matter, like 



for example, cellulose fibre suspensions of the wood- 
processing industry or mixtures of, e.g., different beet 
chips (such as potato and sugar beet) and water. 




art mixers used for this purpose are disclosed, 
, x in US patents 5,279,709 and 5,575,559 and in patent 



Prx* 
e.g. 

applications EP-A-92921912, EP-A-9100973 , WO-A-96/32186 , 
and WO-»t96/33007. It is a characteristic feature of all 
mixers ofVthe art that they employ a rotatable rotor in 
order to provide a sufficient mixing efficiency. The 
rotatable ro\pr specifically refers to a member which is 
connected to the drive through a shaft and most usually 
receives its pVwer from the electricity supply of the 
mill. Furthermore^, the mixer construction is usually such 
that a certain pressure loss occurs in the mixer* In 
practice, it means >fchat the power compensation correspon- 
ding to the pressure loss caused by the mixer has been 
taken into account wnen selecting a pump which operates 
at some stage of the process and precedes the mixer. So, 
in practice, power is Yost in the pump for compensating 
the pressure loss of thfe mixer as well as in the mixer 
-itself for rotating its rbtor. 



The method and apparatus in accordance with the invention 
r eliminate one of the power-losing factors mentioned 
35 : above. "The rotor of the mixer is arranged to rotate 
fr ly in th flow, wh reby the mixer naturally causes a 
certain pressure loss. However, a thorough research work 
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has given such results that the pressure loss has not 
increased, at least not essentially, when compared with a 
motor-driven rotor. Furthermore, in spite of considerable 
power savings, no change in the mixing result can be 
5 found, at least not for the worse. 

So-called static mixers are known in the art, but they 
are mostly of the type disclosed in, e.g. , US patents 
"4V0 3 CT, 9 6 9~ ~ 5 74 9 274 097~afTd~5755 672 00 — in~which~ a thrott 1^" 

10 ing effect of some degree is arranged in the flow chan- 
nel, whereby the flow rate increases and the pressure is 
reduced. The chemical or equivalent to be mixed is then 
conveyed to this lower -pressure zone, and the turbulence 
effect, also developed by throttling, then mixes the 

15 chemical or equivalent with the actual flow material. 

Another alternative is disclosed in, for example, US 
patents 4,936,689 and 5,564,827, where the flow channel 
is provided with obstacles to flow so as. to create turbu- 
lence. It is a characteristic feature of both types of 

20 mixers that the turbulence created is of local nature 
only and short in duration. 

By the method and apparatus in accordance with the pres- 
ent invention, the kinetic energy originating from the 
25 pressure losses caused by the throttling device may be 
forwarded to the mixing zone in a more controlled manner 
and to a wider area, which will substantially grow the 
efficient mixing volume and substantially lengthen the 
-mixing time. 

30 

It is a characteristic feature of the method in accord- 
ance with the invention of mixing a second medium with a 
- first medium, in which method the first medium is intro- 
duced into a casing of a mixing apparatus, where it is 
35 mixed and discharged therefrom, that th rotor of the 
mix r disposed in the casing is rotated by a medium flow 
entering th casing. 
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It is a characteristic feature of the apparatus according 
to the invention, for mixing a second medium with a first 
medium, which apparatus comprises a mixer casing with an 
inlet and an outlet, both of these having a flange, and 
with a rotor, that the rotor is freely rotatable. 

Other aspects characteristic of the method and apparatus 
of the invention will become apparent from the attached 
claims. 



The method and apparatus in accordance with the invention 
are described more in detail below, by way of example, 
with reference to the enclosed drawings, in which 

Fig. 1 is an axial section view of an apparatus in 
accordance with a preferred embodiment of the invention, 

Fig. 2 is an axial section view of an apparatus in 
accordance with a second preferred embodiment of the 
invention , and 

Fig. 3 is an axial section view of an apparatus in 
accordance with a third preferred embodiment of the in- 
vention. 

Fig. 1 shows an apparatus in accordance with a preferred 
embodiment, comprising a casing 10, which i*i its simplest 
form is cylindrical in the direction of flow of the 
medium, but it may also be cylindrical in the direction 
of the rotor shaft. The casing 10 of the mixer may also 
be of some other, more complicated shape, if such is 
considered reasonable. The casing 10 is provided with an 
inlet 12 and an outlet 16, with flanges 14 and 18, res- 
pectively , the outlet being preferably tangential to the 
direction of rotation of th r t r, and with a rotor 20 
arranged rotatably within the casing 10 . The mixer is 
attached through its flange 14 to a so-call d inlet pip- 
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ing, i.e., the flow channel of the incoming fiber suspen- 
sion, and through its flange 18 to a so-called outlet 
piping, i.e. the flow channel of the fiber suspension 
being discharged from the mixer. The rotor 20 is formed 
of a shaft 22 mounted on bearings to a wall of the casing 
10, the shaft being preferably perpendicular to the axis 
X of the casing 10. However, also other positions of the 
shaft 22 at different angles— with respect to the axis X 
are feasible and, in some cases_, even ^ecoimnended . In 
fact, it is quite possible that the rotor shaft is con- 
gruent or at least parallel with the inlet axis. _In tha t 
case, the rotor bl ades ^should be helical in order for the 
rotor^jte^ rotate. At least two blades 24 are attached to 
that end of the shaft 22 which extends to the inside of 
the casing 10, so that an open space remains in the cen- 
ter of the rotor 20 when the blades 24 rotate. The em- 
bodiment shown in Fig. 1 is provided with five blades 24, 
and the y are substantial ly rectangular in cross section 



.while the main shaft is radial^ The most essential thing, 



with regard to the shape of the blades is, however, that 
it makes the rotor rotate and also brings about the 
desired mixing effect. The blades 24 extend preferably 
about 10 to 80 mm from the wall of the casing 10. The 
rotor 20 may be disposed in the casing 10 either central- 
ly so that the distance of the circle of rotation C of 
the blades 24 from the wall of the casing 10 is equal on 
both sides of iche rotor 20 or eccentrically so that the 
clearance between the circle of rotation C and the wall 
of the casing 10 is smaller on one side of the rotor 20 
than on the other side. The rotor 20 or, more specifi- 
cally, the rotor blades may be, e.g. , such in shape that 
the shape of the surface of revolution is substantially 
spherical or cylindrical. Also other shapes of the sur- 
face of revolution are feasible as long as they are 
fitted together with the cross-s ctional shape f the 
casing. The casing may also be provided with ribs 26 and 



28 which, together with the rotor 20, cause a turbulence 
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which brings about an adequate mixing effect in the sus- 
pension flow. The rib 26 is so arranged in connection 
with the inlet 12 that it directs the axial flow from the 
inlet 12 to the casing 10 of the mixer unevenly to the 
5 casing 10, thereby ensuring rotation of the rotor 20. In 
other words, besides a bevel guide member, as in Fig. 1, 
rib 26 may also be, e.g., a plate disposed perpendicu- 
larly to the axis of the flow path, covering part of the 

f low pat h* Th e mos t esse n tial thing _i s t hat the mem ber 

10 deviates the mass center of the flow from the axis of the 
flow channel. 

The freely rotatable mixer shown in Fig. 1 is as such 
applicable for use with the heat exchanger illustrated in 

15 Fig. 6 of PCT/FI96/00330, in which two heat exchangers 
are connected in series so that the tube between the heat 
exchangers is provided with a mixing member. According to 
our experiments, the mixer by no means needs to fluidize 
pulp; "stirring" is sufficient for thorough mixing of 

20 pulp particles with each other, no matter of what size 
they are at this stage. In any event, as a final result 
of mixing there is a pulp plug in a new order at the 
inlet of the heat exchanger, being distributed in a new 
manner onto the heat transfer surfaces of the latter heat 

25 exchanger. The mixer may be, e.g., an apparatus similar 
to the one shown in Fig. 1 or an apparatus where the 
mixing member is a circular or elliptic ring, which 
rotates freely in the flow under the effect of the flow. 

30 Fig. 1 further illustrates how the casing of the mixer 
may be provided with an auxiliary, i.e., a control valve 
30, either as an integral part of the mixer or, 
alternatively, attached to the mixer flange 14. The con- 
trol valve 30 shown in Fig. 1 is a conventional gate 

35 valve, but also other forms of valves are applicable. One 
task of the valve 30 is naturally to control the flow, 
whereby locating the rotor 20 near the valve 3 0 also con- 
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tributes to the operation of the valve 30, ensuring that 
fibers cannot adhere to the gate or other valve member 
and thereby gradually cause the valve opening 3 2 to 
become clogged. Another task of the valve 30 is essential 
5 to the mixer, namely, it directs the flow in an eccentric 
form into the mixer casing 10. By ensuring that the flow 
entering the casing 10 is eccentric, especially respect- 
ive of the rotor shaft, one may be sure that the rotor 20 
rotates in 'aTl "circuistances "in the "direction of arrow A. 

10 

Fig. 1 also illustrates how either the mixer casing 10 or 
the inlet piping may be provided with a conduit 38, 38' 
for adding a chemical, dilution liquid, steam, or other 
material to the flow. The valve potentially attached to 

15 the flange 14 of the casing 10 can be considered part of 
said inlet piping. Location of a chemical feed conduit is 
chosen optimally in accordance with both the mixer oper- 
ation and the medium to be mixed. For example, when 
liquid is fed, it is advantageous to direct the incoming 

20 liquid jet in the direction of rotation of the rotor in 
order not to decelerate rotation. Correspondingly, the 
inlet conduit for gas is preferably disposed in the lower 
section of the casing and the outlet in the upper section 
thereof in order for the gas flow from the inlet to the 

25 outlet to proceed reliably. In the above described 
example, where mixing was used only for equalization of 
temperature differences in pulp, such a conduit is nat- 
urally unnecessary. It has to be noted that preferably 
the mixing conduit 38 has to be located far enough from 

30 the outlet 16 of the casing 10 of the mixer so that the 
chemical or equivalent has an adequate time to mix well 
enough with the pulp prior to being discharged from the 
mixer. It could be a guideline that the mixing conduit 38 
should be disposed against the direction of rotation of 

35 the rotor at the distance of at 1 ast 90 degrees, prefer- 
ably 180 d grees, from outlet 16. Naturally, it has to b 
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noted that the medium to be mixed also sets its own 
limits to the location of the mixing conduit. 

Fig. 2 illustrates a mixing apparatus in accordance with 
a second preferred embodiment. The same reference 
numerals as in Fig. 1 have been used where applicable, 
except that all reference numerals of Fig. 2 start with 
number 1. In fact, there are not many differences in 
comparison with tAe embodiment^ shown in _Fig_._l.__ In th e 
embodiment of Fig. 2, a valve 130 is illustrated as a 
member which is clearly separate from the casing 10 of 
the mixer, which member is attached to a flange 114 of 
the casing. Another difference is to locate the outlet 
116 of the casing 10 at an angle of 90 degrees, or if a 
widening of the outlet is taken into account, at an angle 
of approximately 100 degrees with respect to the inlet 
piping. Furthermore, the outlet 116 is provided with an 
outlet pipe 140 which widens preferably in the direction 
of flow just like a diffuser pipe. The purpose of the 
widening of the outlet duct 140 is to recover dynamic 
pressure from the flow being discharged from the casing 
10 of the mixer. 

Fig. 3 shows a mixing apparatus in accordance with a 
third preferred embodiment. The same reference numerals 
as in Fig. 1 have been used where applicable, except that 
all reference numerals of Fig. 3 start with number 2. In 
the embodiment of Fig. 3, the outlet 216 of the mixer is 
disposed opposite to the inlet 212 of the mixer . Further, 
the outlet 216 is provided with an outlet pipe 240, as in 
Fig. 2. Unlike the outlet pipe 140 of Fig. 2, which is an 
integral part of the mixer casing 10, the outlet pipe 240 
of Fig. 3 is attached to the flange 218 of the outlet 216 
of the casing 10. Naturally, the location and way of 
attachment of the outlet pip are not d pend nt on each 
ther, but a d tachable utl t pip may be disposed also 
in a mixer discharged from its side as in Fig. 2, and a 
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stationary outlet pipe also in an arrangement as shown in 
Fig. 3. 

The apparatus according to the preferred embodiments of 
5 the invention described above functions so that throttl- 
ing, effected by either a valve or a rib, on the inlet 
side of the mixer controls the velocity of the fiber 
suspension jet entering the mixer, to be preferably in 

the range of- 5~to 30 m/s,— more* preferably - in "the "range^ of" 

10 10 to 20 m/s. The combination of the flow being deviated 
from the central flow direction and said flow velocity 
makes the rotor 20 arranged in the casing 10 rotate . When 
operating, the mixer causes a pressure loss of the order 
of 0.5 to 3 . 5 bar , preferably 0.5 to 2.5 bar , most of 

15 the pressure loss being caused by throttling arranged at 
the inlet of the mixer by means of a valve or a rib 26. 
In other words, the pressure loss is controllable, by 
adjusting the inlet side throttling. On the other hand, 
the total pressure loss caused by the mixer may be 

20 reduced by shaping the outlet pipe of the outlet side of 
the mixer optimal, i.e., such that it will recover part 
of the dynamic pressure. 

As can be seen from the few exemplary, preferred embodi- 
25 ments described above, a totally new type of mixer has 
been developed which is advantageous in terms of economy. 
Although use of the method and apparatus have been pres- 
ented hereinabove very generally in mixing of a fiber 
suspension, they are well applicable up to a consistency 
30 of 15 %. On the other hand, speaking of fiber suspensions 
may appear restricted; so, it is worth mentioning that 
the mixer in accordance with the invention may correspon- 
dingly be used, e.g., in various applications of the food 
industry , for treating mixtures of solid materials and 
35 liquids, for example, in treatment of beet chips. 



